Introduction
Malignant tumor represents an enormous economic burden on society in both developing and developed countries. According to 32 GLOBOCAN estimates, approximately 14.1 million new cancer cases and 8.2 million deaths occurred in 2012 worldwide, especially in the developing countries. 1 Cancer is a complex multifaceted disease that results from gene-environment interactions. Apart from the common factors such as smoking, obesity, and less physical activity, the genetic variations, including single nucleotide polymorphisms (SNPs), have been reported to be associated with malignant tumor susceptibility. The WWOX gene, located on chromosome 16q23.3-24.1, has been reported to play an anticancer role by regulating signaling pathways and cellular functions. [2] [3] [4] In addition, both in vivo and in vitro studies have indicated that WWOX can induce apoptosis by interacting with p53 and p73. [5] [6] [7] Low expression and abnormal transcription of WWOX has been found in several types of cancer, including lung cancer, prostate cancer, breast cancer, and oral cancer. [8] [9] [10] [11] [12] [13] Moreover, the low expression submit your manuscript | www.dovepress.com
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Yuan et al of this gene is correlated with higher tumor stages and worse prognosis in patients. 14 In several studies, SNPs of WWOX gene have been identified as a potentially genetic risk factor in malignant tumors including lung cancer, gastric cancer, thyroid cancer, esophageal cancer, and osteosarcoma. [15] [16] [17] [18] [19] [20] However, other studies indicated that there were no significant associations. 21, 22 Because of relatively small sample sizes, these studies provided limited evidence and might have been underpowered to detect the overall effects. Therefore, we conducted this study to obtain a more precise estimation from all eligible case-control studies.
Methods
Primary search strategy
We systematically searched PubMed, Google Scholar, and Chinese National Knowledge Infrastructure comprehensively for all publications regarding the association between the WWOX polymorphisms and the malignant tumor risk (up to August 30, 2017) , by using the combinations of the following keywords: WWOX, variants/polymorphism/SNP, and malignant tumor. Additional usable data were hand-searched from reference lists of original studies or review articles. Nevertheless, if several studies were performed on the same subjects, only the one with latest and/or largest sample size would be involved. Ethical approval was not necessary because this was a meta-analysis, including no direct handing of personal data or recruitment of subjects.
inclusion and exclusion criteria
Studies involved had to satisfy the following inclusion criteria: case-control design was utilized; the diagnosis of the patients with cancer should be pathologically confirmed and the controls were verified as free from any cancer; and sufficient data for estimating an odds ratio (OR) with 95% CI was available. The major exclusion criteria were as follows: no obtainable genotype frequency data; duplicates of previous publication; and studies designed as a case-case or case-only study.
Data extraction
The identified studies were reviewed separately by two investigators (HY, YW) independently and carefully to determine whether an individual study was eligible for the analysis. These data were extracted from studies involved independently, and the disagreement was resolved by a discussion involving a senior investigator (KJ). All the following data were sought from each study and recorded in a standardized form: first author's name; year of publication; ethnicity of each study population; source of controls; sample size; genotyping method; number of cases and controls; and frequencies of rs3764340, rs12918952, and rs383362 in cases and controls, respectively; and results of the HardyWeinberg equilibrium (HWE) test.
statistical analysis
The pooled ORs with 95% CIs were applied to evaluate the strength of association between WWOX rs3764340 CG, rs12918952 GA, and rs383362 GT polymorphisms and malignant tumor susceptibility. The fixed-effects model (the Mantel-Haenszel method) and the random-effects model (the DerSimonian-Laird method) were separately employed to pool the data. 23 If existence of heterogeneity was detected, the random-effects model would be more appropriate. Sensitivity analysis was performed to assess the influence of individual studies on the pooled ORs, with the method of calculating the outcomes again by omitting one single study each time. After that, subgroup analyses based on the source of controls was further carried out to identify the potential association for each subgroup. Begg's funnel plots and Egger's linear regression method were taken to estimate the publication bias, and a P0.05 was set as the significance threshold. 24 HWE was checked by the goodness-of-fit chi-square test, and a P0.05 was considered as a significantly selective bias. 25 Stata software (version 12.0; StataCorp LP, College Station, TX, USA) was employed in the whole statistical analyses. P-values were all two-sided and regarded as statistically significant if less than 0.05.
Results
studies characteristics
The flowchart of study exclusion and inclusion criteria with specific reasons is indicated in Figure 1 . We identified 30 records, among which 14 articles appeared to be potentially eligible for inclusion and were retrieved in full texts. After full-text review, six articles were excluded due to no detailed data. Therefore, a total of eight case-control studies were ultimately included in the meta-analysis, [15] [16] [17] [18] [19] [20] [21] [22] and the details of each study were recorded in Table 1 . Among them, eight articles containing 6,177 cases and 6,606 controls surveyed the association between rs3764340 CG and malignant tumor risk. [15] [16] [17] [18] [19] [20] [21] [22] Four studies on the relation between rs12918952 GA and malignant tumor risk included 2,447 cases and 3,249 controls, 18, [20] [21] [22] and four publications containing 2,950 cases and 3,872 controls explored the correlation of rs383362 GT with malignant tumor risk. 18, [20] [21] [22] The genotyping methods used to detect the WWOX polymorphisms . Furthermore, we divided them into population-based group or hospital-based group in all studies to distinguish between different sources of control group. For the WWOX rs3764340 polymorphism, the studies consisted of three populationbased controls 16, 17, 21 and five hospital-based controls. 15, [18] [19] [20] 22 For rs12918952 GA and rs383362 GT, one populationbased control 21 and three hospital-based controls 18, 20, 22 were included in these studies, respectively. We used subgroup 
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Yuan et al analyses to explore the effects of different sources of control and genotyping methods on the associations of increased risk of tumor with the WWOX rs3764340 CG, rs12918952 GA, and rs383362 GT polymorphisms. In addition, the studied tumor type included gastric cancer, lung cancer, oral cancer, osteosarcoma, thyroid carcinoma, hepatocellular carcinoma, and esophageal cancer.
Quantitative synthesis results
The results for the association of WWOX rs3764340 CG with malignant tumor risk are summarized in Table 2 The results for the association of WWOX rs383362 with malignant tumor risk are summarized in Table 3 . Overall, all genotypes were not significantly associated with the risk of malignant tumor (TG vs GG: OR=1.14, 95% CI: 0. In the subgroup analysis according to genotyping methods (Figure 3) , the rs383362 GT was associated with higher risk of malignant tumor in the TaqMan 
heterogeneity test and sensitivity analysis
In most comparisons of WWOX rs3764340, rs383362, and rs12918952 polymorphisms, obvious heterogeneity was observed (figure not shown). We next performed a leaveone-out sensitivity analysis. The results of associations for WWOX rs3764340, rs383362, and rs12918952 polymorphisms in three important types of models are listed in Figure S1 , which demonstrated stability and reliability of results for such associations. 
Publication bias
We assessed the potential publication bias for three types of models (dominant model, heterozygous model, and allele model) by the Begg's test and Egger's test, and the results are shown in Table 5 . No obvious symmetric distribution was found, indicating no evidence of significant publication bias. The overall results revealed that our results were statistically reliable.
Discussion
WWOX, a protein with the WW domain, is conserved in all eukaryotes and has a significant role in cell signaling or regulation, such as regulating the protein degradation, mitosis, apoptosis, transcription, and RNA splicing process. 26 Low or reduced expression of the WWOX protein was found in a variety of human malignancies, which may lead to the deregulation of these pathways. The silencing of the WWOX protein expression was observed very early in tumor development, which may result in the transformation of normal cells to malignant cells. The same result was found in the knock-out mice experiments. 3 Based on the research of Maeda et al, low or reduced expression of WWOX was observed in gastric carcinoma cell lines (HSC-45, HSC-57, HSC-59, MKN-7, and MKN-74). Moreover, the gastric tumor tissue analyses showed that the loss of WWOX expression in 33% of cases was associated with poorer clinical findings. 27 In addition, according to the studies of Dias et al, 91% of subjects with papillary thyroid carcinomas had a decreased expression of WWOX in the tumor tissue. Thus, it might indicate that the reduced expression of WWOX is the reason for cell proliferation, leading to further genomic instability. 
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Polymorphisms have been identified as a powerful tool for predicting hereditary susceptibility of some complex diseases including malignant tumor. 29 However, previous individual studies about the association between WWOX polymorphisms and malignant tumor risk were not only limited but also inconclusive. To our knowledge, this is the first comprehensive analysis researching the possible relationship of WWOX SNPs (rs3764340, rs383362, and rs12918952) with cancer susceptibility, which will be of benefit to provide new biomarkers for screening high-risk populations for malignant tumor and promoting the process of molecular-targeted therapy.
Rs3764340 CG, which is located in exon 8, was associated with increased risk of multiple cancers. [15] [16] [17] [18] 20 OncoTargets and Based on the bioinformatics analysis, rs3764340 CG is an exonic splicing enhancer which can promote the process of pre-mRNA splicing. Therefore, it is possible that this SNP may enhance the selective splicing in exon 8, leading to a high incidence of deletion of the exon. 30 Another study also reported that the SNP may change the conformation of the WWOX protein. 15 In this study, we found that WWOX 3764340 CG was associated with risk of overall malignant tumor in the dominant model, heterozygous model, and allele model. In addition, in the subgroup analysis of different sources of controls, evidence of an association between the rs3764340 polymorphism and an increased cancer risk was only found in the population-based studies, but not in the hospital-based studies, which was probably caused by the fact that the controls recruited from hospital could not represent the general population well.
We did not find obvious association between SNP rs383362, rs12918952, and malignant tumor risk in any genetic comparison. In addition, only in the subgroup of TaqMan, WWOX rs38336 was constantly associated with increased tumor risk in all the compared genetic models. However, when it came to WWOX rs12918952, the association was only found in the subgroup of PCR-RFLP, which indicated that different genotyping methods might influence the results. It is worth noting that only four casecontrol studies were available for rs383362 and rs12918952 polymorphism analysis, and the sample size was not large enough. Therefore, the results should be interpreted with caution.
Some limitations of our meta-analysis should be noted. First, the number of studies was not sufficiently large, especially for subgroup analysis of WWOX rs383362 and rs12918952. Second, the languages of the publications were limited to English and Chinese. Finally, the lack of original data in some valuable research articles limited us to continue researching some potential interactions, such as age, sex, family history, environmental factors, and lifestyle. Consequently, it is required that a more precise analysis be performed if individual data were available.
Conclusion
The WWOX rs3764340 GG+CG and CG genotypes may increase cancer risk. However, rs383362 and rs12918952 polymorphisms may have no significant association with malignant tumor risk. Further large-scale and well-designed investigations including different cancers are required to verify the findings of this study.
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